Abstract-The problem of detection and location of a small flaw inside a conducting cylinder using an eddy current coil coaxial with the cylinder has been addressed. The electric field at an arbitrary axial and radial position inside the conductor has been obtained from a previous solution of the boundary value problem. An expression for the change in complex impedance due to a small flaw located within a conducting body has been derived and is shown to be a function of the electric field at the position of the flaw. For the case of a degenerate point flaw, this expression is further simplified by using just the value of the electric field at the position of the centroid of the flaw. The overall impedance is shown to be a function of the ratio of the radii of the loop and cylinder and of the conductivity of the material. The expression for the change in complex impedance has been factored into two terms, one dependent on the axial location of the flaw, and the other on the depth of the flaw. The axial location of the flaw is seen to affect only the magnitude and phase of the change in impedance; whereas the depth of the flaw is seen to affect both the magnitude and phase of the change in impedance. Plots of the complex change in impedance as a function of the axial location and depth of the flaw have been provided to illustrate its functional dependence on these parameters.
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The solution of B and the percentage error have been calculated for different values of ( varying from 1.1 to 2.0 with a maximum error found of 0.8 percent. Fig. 4 shows the plot of B(() versus (3. The expression for AZ in (6) reveals that the two factors, the depth factor Fd and the axial factor F, contain all the dependence due to the radial location and axial location, respectively, of the flaw inside the cylindrical specimen. The depth factor itself is a complex quantity and hence contributes to both the magnitude and phase of the change in impedance. The axial factor, however, contributes only to the magnitude of the change in impedance.
To investigate the effect on AZ due to the variation in the radial location of the flaw, the real and imaginary part of the depth factor have been plotted versus the normalized flaw depth (rdI8) in Figs. 5 and 6. One should note that the quantity b/re in the depth factor takes into account the radius of curvature of the cylindrical specimen. The effect of a flaw at some constant number of skin depths down inside the specimen will be greater if 8/b is larger (for a cylinder with smaller radius b). So at a constant operating frequency and at a constant flaw depth, the change in impedance would be magnified or suppressed depending on the ratio 8/b of the specimen. This is to be expected because the magnitude of the induced eddy current density (I i 1) is higher for smaller cross section cylinders for a given constant primary source current I. To illustrate the variation of AZ as a function of the axial location of the flaw, the function Fa(,B, z') has been plotted versus zc/a in Figs. 8 and 9 for several values of ,B ranging from 1.10 to 2.0. Each of these curves show a sharp maximum zc/a = 0.0 (at the location of the loop) and the value of this maximum is a function of ,B. At this location the flaw is located directly under the current carrying wire where the induced eddy current distribution itself is a maximum for that cylinder. When the radius of the cylinder core is varied (by varying ,3), the maximum in the induced current distribu- tion also changes. So the maximum in the magnitude factor at zla = 0 is also a function of jA. At larger distances away from the loop, the induced eddy current itself decays rapidly, hence a flaw located at those distances gives a negligible effect in the magnitude of AZ. Thus from a linear scan of the probe coil, the axial location of a small flaw can be determined from a sharp maximum in the magnitude of AZ, and the depth of the flaw at that location can be obtained from the first zero of Im (AZ) by adjusting the source current frequency.
IV. CONCLUSIONS A first-order approximation has been derived for the complex change in impedance of a single-turn coil surrounding a cylindrical conducting core due to a flaw located at an arbitrary position within the core. This change is seen to depend on the depth and axial position of the flaw as well as the geometrical and physical parameters of the coil and the core. 
